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CROSS CONNECTIONS BETWEEN INDUSTRIAL AND PUBLIC 
WATER SUPPLIES* 


4 
KE. SHERMAN CHASE 
Metcalf & Eddy, Engineers, Boston, Mass. 

ROBABLY no feature of the on the private supply is in excess of 

public health aspect of water the pressure on the public supply. 

supply has been so great a ; P 

“pira — , 7. 1 TATISVyp ros 

cause for controversy as the cross Pypes OF Cross CONNECTIONS 
connection of private industrial fire or One of the cross connections fre- 
process water supplies with public quently met with is that between the 
supplies. public mains and the hydrant and 


Cross connections as applied to sprinkler system of an_ industrial 
waterworks systemsarerelativelyshort establishment. The purpose of the 
lengths of pipe, with or without valves, connection is to maintain a constant 
which connect the public distribution head of water from the public system 
system with a private distribution upon the mill fire hydrants and sprink- 
system, the latter system being sup- lers and at the same time have an 
plied from an independent source. additional independent supply avail- 
'requently, the private supply is able in case of fire. Usually the mill 
polluted; hence the public health supply is furnished by pumps of 
aspect. relatively large capacity, the starting 

The danger from cross connections of which involves a moderate amount 
lies in the possibility that polluted of delay. Consequently, the con- 
water from the private supply may nection of the public supply with the 
enter the publie supply through leaky fire protection system of the mill 
gates or checks, or directly when no means an immediately available sup- 
gates or checks occur on the cross. ply of water for hose streams and 
connection, at times when the pressure — sprinkler heads. 

Another type of cross connection 
occurs where an industrial supply 
85 
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system used for furnishing process 
water is cross connected with the pub- 
lic mains. The purpose of such cross 
connections is to insure an uninter- 
rupted supply of water for process 
purposes or for other uses which are 
not directly connected with fire pro- 
tection; among these uses are boiler 
feed, stock washing, cooling, and 
quenching. 

(‘ross connections may be classified 
according to their physical charac- 
teristics, namely: 

1. Permanent connections where 
dual pressure supplies are physically 
connected through pipes either with or 
without gate valves or check valves. 

2. Temporary connections where 
dual supplies are connected with a 
swing joint. 

3. Temporary connections where 
supplies are connected by a removable 
length of pipe. 

!. Connections through tanks open 
to atmospheric pressure. In_ this 
fourth type, two combinations occur: 

a. Pipes from both supplies entering 
below water level; 

b. The pipe from private supply 
entering above and that from public 
supply entering below water level. 

In the case of the fourth type, should 
the pipe from the private supply enter 
below and that from the publie supply 
enter above water level, there would 
be no possibility that water from the 
private supply might enter the public 
supply and consequently there would 
be no eross connection. 


OUTBREAKS OF DISEASE DUE TO 
Cross CONNECTIONS 
Numerous outbreaks of typhoid 
fever and intestinal disorders have 
been attributed to infection of public 


water supplies through cross connee- 
tions. One of the earliest recorded 
occurrences of such infection was that 
at Lowell, Mass., in 1903! where cheek 
valves on cross connections between 
the municipal and private supplies 
failed to close subsequent to a fire. 
Polluted water from the Merrimae 
River entered the mains and resulted 
in an outbreak of dysentery, followed 
by 196 cases of typhoid fever with 
sixteen deaths. A recent outbreak 
(1927) of forty-seven cases of typhoid 
fever at Cohoes, N. Y.,? was attrib- 
uted to water from the Mohawk 
River which entered the public supply 
mains through a cross connection with 
the publie supply. 

Many other instances could be 
cited. Published data indicate that 
in the past thirty years, in the United 
States, infection through cross con- 
nections has been responsible for 
thousands of cases of disease and 
scores of deaths. 

In considering the records of out- 
breaks of disease, however, it must be 
borne in mind that no outbreak, so far 
as is known, has been traced to prop- 
erly installed and supervised cross 
connections made by means of the 
modern type of double check valve. 
This is significant as far as it goes, but 
it is, of course, no proof that such an 
event may not occur in the future. 


REGULATION OF CROSS CONNECTIONS 
Conflicting Interests 


The potential danger of cross con- 
nections is manifest and the urgency 


1 Goudey, R. F.: The Menace of Cross- 
Connections in a Public Water Supply. 
Jour. Am. Water Works Assn., 1926, 14, 4/' 

2 Cross-Connections again Responsible 
for Typhoid. N. Y. State Dept. Health, 
Health News, 1927, 4, 185. 
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of their abolition in the majority of 
cases is granted, but in certain other 
eases how to avoid the health hazard 
without increasing the fire hazard is a 
matter concerning which unanimity 
of opinion does not exist. 

The fire protection interests claim 
that the widespread use of automatic 
sprinkler systems has been a factor of 
creat economic importance in industry 
end that in order to secure the most 
benefit from such systems a continu- 
ously adequate water supply is essen- 
tial. Sprinklers must always be under 
pressure in order that incipient fires 
may be controlled. Public water 
supplies are sometimes deficient in 
quantity and pressure. Many in- 
stances have been recorded of interrup- 
tion of service from public supplies and 
in a few eases coincident fires have 
occurred. Consequently, the insur- 
ance companies reason, a secondary 
supply is needed in those cases where 
the fire hazard to life and property is 
particularly great, and cross connec- 
tions are called for under certain 
conditions. 

On the other hand, many water- 
works and health officials point out 
that the health hazard from possible 
pollution through cross connections is 
sO great that other means should be 
ound to provide adequate fire service. 
The argument of this group is that the 
record of failure of old-fashioned, 
ron-body, single check valves, with 
“ubsequent outbreaks of disease, is so 
‘Inister that cross connections of a 
polluted private supply with a potable 

‘blie supply should not be tolerated 


{ 


nO matter if they are protected by 


“rctully worked out mechanical de- 
vices, such as double check valves of 


’ 
+ 
' 


rye improved type described later. 


To reconcile these conflicting view- 
points is difficult, and indeed impos- 
sible, if the ideals of both parties are 
to be secured. Compromise policies 
are always open to cross fire, but 
one-sided viewpoints are likely to lead 
to the adoption of unwise or imprac- 
ticable policies. Rational com- 
promises, perhaps wholly satisfactory 
to neither side, often actually accom- 
plish results for the general public 
welfare where idealistic policies fail. 


State Health Department Regulations 


With recognition of the health 
hazard incidental to cross connections, 
certain state health departments 
have established regulations relating 
thereto. These regulations have 
varied from a flat prohibition of all 
such connections to a requirement for 
double check valves. Certain other 
state health departments, in the 
absence of authority to regulate, have 
adopted resolutions advising the aboli- 
tion of all cross connections. 

An amendment to the Sanitary 
Code of the Public Health Council of 
the New York State Department of 
Health in 1925 prohibited cross con- 
nections between nonpotable and pota- 
ble water supplies, but permitted the 
use until July 31, 1928, of connections 
equipped with two gate valves with 
indicator posts and two check valves 
equal to or of the type recommended 
by the Factory Mutual Fire [nsurance 
Companies. 

During the past summer, the develop- 
ment of a special fire pump chlorinator 
led the Public Health Council to grant 
an extension of six months. Follow- 
ing this action of the Council, the state 
commissioner of health advised the 
waterworks authorities throughout the 
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state that the installation and proper 
maintenance of the newly developed 
fire pump chlorinator would meet the 
requirements of this Sanitary Code. 
Such installations can be made only 
under certain conditions, among which 
is the proper installation of all-bronze, 
double check valves between the 
chlorinated fire supply system and the 
municipal system. 

The Connecticut State Department 
of Health has required the abolition 
of all cross connections except those 
which are equipped with approved 
types of double check valves, in which 
case permission for temporary continu- 
ance has been granted. The length of 
continuance is conditional upon 
demonstration of satisfactory opera- 
tion of the double check valve instal- 
lations. No new _ installations of 
double check valves, however, are 
permitted. 

In Ohio, Section 1,252-3, of the 
General Code of the state reads as 
follows: 


It shall be unlawful for any official, 
officer, or employee having in charge or 
being employed in the maintenance and 
operation of a public water supply and 
water works system or for any other person, 
firm or corporation to establish or permit to 
be established any connection whereby a 
private, auxiliary or emergency water sup- 
ply other than the regular public water 
supply may enter the supply or distributing 
system, unless such private, auxiliary or 
emergency water supply, and the method of 
connection and use of such supply shall have 
been approved by the State Department of 
Health. 


The Ohio State Department of 
Health does approve under certain 
restrictions the use of modern double 
check valve installations. 


Action by Professional Societies 


The Fire Protection Division of the 
American Water Works Association 


adopted the following resolutions’ jp 
May, 1925: 


WHEREAS cross connections betweep 
potable public water supplies and supplies 
from other sources have been the cause of g 
large number of outbreaks of typhoid fever 
and other water-borne diseases; and 

WHEREAS check valves and other similar 
protective devices can not always be de- 
pended upon; Be it 

Resolved, That no physical connection 
should be permitted between a potable 
public water supply and any other supply 
except as follows: 

1. With another potable public supply. 

2. With a potable supply which is regu- 
larly examined as to its quality by those in 
charge of the potable public supply to which 
the connection is made. 

This prohibition to apply to all piping 
systems either inside or outside of any 
building or buildings; and be it further 

Resolved, that definite programs should 
be inaugurated in each municipality to 
permanently eliminate all other connec- 
tions. 


A similar set of resolutions was 
adopted in 1926 by the Conference of 
State Sanitary Engineers. 

On December 12, 1928, a New Iing- 
land Water Works Association com- 
mittee, composed of — consulting 
sanitary engineers, waterworks super- 
intendents, state sanitary engineers 
and fire protection engineers, reported 
on cross connections to the Association 
and presented the following resolutions 
for consideration by the Association: 


WHEREAS, evidence shows that the 
existence of certain cross-connections be- 
tween safe public water supplies and unsafe 

r rT & / 

3 Jour. Am. Water Works Assn., 1929, /4; 

505. 
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private water supplies, not equipped with 
modern protective devices, has resulted in 
many out-breaks of disease and many 
deaths, and 

WnereEas, such cross-connections are a 
hazardous part of any water-supply system. 

1. This Association recommends that 
no eross-connection be permitted with a 
supply that in the opinion of the State 
health authorities is bacterially unsafe. 

9 This Association recommends that 
any cross-connection permitted with a bac- 
terially safe but non-potable supply shall 
be made through a properly installed and 
adequately supervised, all-bronze, rubber- 
seated, double check-valve of a type ap- 
proved by the State health authorities. 


These resolutions were approved at 
the meeting of the Association at which 
the report was presented but were 
referred by letter ballot to the Associa- 
tion as a whole for approval or dis- 
approval. This ballot resulted in an 
emphatic endorsement of the resolu- 
tions by the Association. The full re- 
port of the committee will appear in 
the March, 1929, number of the 
Journal of the New England Water 
Works Association. 

At the annual meeting of the 
National Fire Protection Association 
in May, 1928, a report of a Committee 
on Private Fire Supplies from Public 
Mains contained the following state- 
ment relative to the position of that 
Association: 


|. The National Fire Protection Asso- 
ciation is in full sympathy with the efforts 
being made to maintain the purity of public 
water supplies. It recognizes a_ public 
duty in bringing fire protection requirements 
into harmony with the best public health 
Standards, 

-. Fire protection engineers should not 
alvocate cross connections with non-potable 
‘upplies for fire service when it is feasible 
‘0 Safeguard life and property in some 
other way, 

¥. No fixed rule can be adopted for all 


situations, and each case must be carefully 
studied to determine the most reasonable 
arrangement under the existing conditions. 

4. The chance that the best double 
special check valves properly supervised 
might, under conceivable conditions, both 
leak at the same time has been conceded, 
but experience of eighteen years over a wide 
field and under many different conditions 
has shown that this danger is extremely 
remote. It is therefore believed that 
double special check valves of the latest 
improved all-bronze type can be used under 
certain conditions with a negligible degree 
of risk, but only if properly installed and 
adequately supervised. — 

5. Public regulations concerning cross 
connections should have reasonable flexi- 
bility so that double special check valves or 
other equally effective devices properly 
supervised would be allowed for fire services 
where conditions justify their use. 


DouBLE CHECK VALVES 


In order to minimize the danger of 
pollution through cross connections, 
the Factory Mutual Insurance Com- 
panies have developed a bronze-body, 
double check valve as illustrated in 
Figure 1. 

To insure tight closing, the clappers 
are provided with soft rubber gaskets 
to bear against the machined seats. 
For ready inspection and test these 
valves are placed in concrete pits. 
Gate valves with indicator posts are 
placed on either side of the checks 
and drain cocks, and connections for 
pressure gauges are also provided. ‘To 
prevent both clappers from being held 
open by a long piece of foreign material 
a modified installation, as illustrated, 
has a filler piece, a few feet long, 
between the checks. 

Only within recent years have there 
been any readily available data rela- 
tive to the effectiveness of double 
check valve installations. Of 1,032 
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sets of such installations tested by the and they require that every valve be 
Factory Mutual Fire Insurance Com- thoroughly overhauled and cleaned 
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Fic. 1.—Type of double check valve installation developed by the 


Associated Factory Mutual Insurance Companies, through whose cour- 
tesy this cut is used. 


panies, four cases were found where annually in addition to being tested 
both valves were leaky. These com- four times each year. At New Bed- 
panics have recently put into effect a ford, Mass., both cheeks were found 
system of supervision of all double leaky in two cases out of 2,152 tests 
eheck valves at risks which how insure, covering several years. In Connectl- 
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cut, inspections by the state health 
department during 1927 found both 
eheeks leaky in one case out of 624 
‘ests of iron-body, double check valves, 
while in 273 tests of all-bronze, double 
ehock valves there was no case where 
both cheeks were leaky. In connec- 
tion with the Connecticut tests it 
should be noted that the iron-body 
valves had practically all been recently 
overhauled, but few were new, and 
the bronze valves were all new. 

It is evident that the proper instal- 
lation of double check valves involves 
considerable expense. Consequently, 

is but fair to manufacturers, to 
whom temporary approval of such 
devices is given by health authorities, 
that such approval should cover a 
reasonable period of time, probably 
not less than two or three years. If 
conditions are so serious as to warrant 
a shorter period, it would be better to 
insist on complete severance at once. 
On the other hand, permission for use 
of double check valves should be 
immediately revocable for cause. 


Kine Pume CHLORINATOR 


During 1928 there was developed an 
automatie start-and-stop chlorinator 
designed particularly for connection 
to fire pumps. This apparatus uti- 
‘izes liquid chlorine by reducing it to a 
gas, While the fire pump is not in 
operation a small auxiliary injector 
continually draws a small amount of 
chlorine gas and discharges it to waste, 
‘lus keeping the machine in continuous 
operation. When the fire pump starts, 
a large main injector draws the chlorine 
and discharges it in solution to the 
point of application on the fire pump 


suction. The chlorinator is set to 
discharge a quantity of chlorine sufh- 
cient to care for the maximum dis- 
charge from the pump irrespective of 
actual delivery. 


CONCLUSION 


No question exists as to the potential 
hazard to health resulting from the 
cross connection of polluted private 
industrial water supplies with public 
supplies. No valid reason exists for 
such connection in the great majority 
of eases. Under some conditions, 
however, the immediate abolition of 
cross connections with fire protection 
systems would result in an increased 
fire hazard to property and to the 
safety of mill employees out of propor- 
tion to the results to be gained. 
Under such special cases, the all-bronze, 
double check valve, properly installed, 
regularly and thoroughly inspected, 
tested, and overhauled, affords as 
reasonably efficient a single mechani- 
val safeguard, short of complete 
physical severance, as has yet been 
devised. Some risk of pollution re- 
mains as indicated by the results of 
tests cited. The development of the 
special fire pump chlorinator offers an 
additional safeguard, but experience 
with it has been too limited as yet to 
warrant the conclusion that the combi- 
nation of double check valves and 
special chlorinators is equal to com- 
plete severance. Consequently, ulti- 
mate abolition of all cross connections, 
or its equivalent, between safe and 
unsafe supplies should be the goal. 
Pending such abolition, all cross con- 
nections, except those with proper 
double checks, should be immediately 
severed. 





THE DUST HAZARD IN THE ABRASIVE INDUSTRY: SECOND 
STUDY* 


W. Irvinac Cruarx, M.D. 


Norton Company, Worcester, Mass. 


N 1925 the author and the late 
IX. B. Simmons presented a paper 
on “The Dust Hazard in the 

Abrasive Industry,’! In this paper 
the medical histories, physical ex- 
aminations, and X-rays of seventy- 
nine men who had been exposed to 
large quantities of artificial abrasive 
dust over a period of more than ten 
years were analyzed, and certain con- 
clusions as to the hazard of inhaling 
this type of dust were stated. 

The paper now undertaken presents: 

1. A review of the subsequent 
histories of the seventy-nine men 
previously studied. 

2. A comparison of the X-ray find- 
ings of 1924 with those of 1928 in the 
same group. 

4. A report on the X-ray findings of 
the other groups of men who have been 
exposed ten years or more to abrasive 
dust inhalation. 

4. Conclusions. 

All the men discussed in this study 
are working and are apparently in good 
health at the present time. Each one 
has had a special physical examination 
of the chest yearly since he passed the 
ten-year dust exposure mark. In no 
‘ase: has the physical examination 
revealed any lesion, nor have there 
been in any case symptoms suggesting 
a chest lesion of any kind. 


* Received for publication Novy. 3, 1928. 
1’THis Jour., 1925, 7, 345. 


The X-ray pictures have been taken 
and read by Dr. Morton Langhill of 
Worcester. The first group of pic- 
tures described in the previous paper, 
examined by Dr. Jarvis, has also 
been submitted to Dr. Leroy JU, 
Gardner of Saranac for reading, as 
have all but twenty-three films of the 
later groups. Where readings have 
differed, we have used the less favor- 
able in making up our tables. There 
has been, however, little divergence of 
opinion. We have used the classifica- 
tion of silicosis advocated by Pancoast 
and Pendergrass’ in their monograph, 
which is as follows: 


First Stage.—The root shadows are 
denser, and more extensive, and may show 
nodules; the trunk shadows are increased in 
density and breadth, with numerous punc- 
tate deposits of varying size along them; 
the appearance is symmetrical on both sides 
at first, but not so later; there is no differ- 
ence in diaphragmatic excursion. 

Second Stage.—In addition to the fore- 
going, there are found fairly symmetrical, 
small, circumscribed, dense areas through- 
out both lungs, and later larger masses 
accumulate, usually at the lower part of the 
upper third, about the level of the root 
shadows; the domes of the diaphragms seem 
accentuated. 

Third Stage.-—This differs from the 
second only in the extent of lung involve- 





2 Pancoast, H. K., and Pendergrass, !- 
P.: Pneumoconiosis (Silicosis). A Roent- 
genological Study with Notes on Pathology. 
New York, Paul B. Hoeber, Inc., 1926, p. 52. 
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ment, indicated by increased numbers of 
deposits and more massive grouping. 


The majority of the chest pictures 
of Norton Company employees in- 
eluded in this series showed minimal or 
frst stage changes. We have had 
pictures taken of the chests of a 
number of workers who have not been 
working in dust but who have had 
definite chest symptoms such as cough 
and expectoration. Our effort was to 
discover early cases of pulmonary 
tuberculosis. We have been _in- 
terested to note that in many of these 
eases the report of first stage silicosis 
has been made. 

We believe that a general low-grade 
inflammation of the bronchi will give a 
first stage picture and also that men 
advaneed in years frequently show a 
first stage picture without having been 
exposed to dust. In other words, 
chests of those having chronic bron- 
chitis, or of those who are middle-aged, 
will frequently on X-ray give a picture 
similar to that of a first stage silicosis. 

Of the original group of seventy- 
nine cases reported in our previous 
paper, sixty-nine have worked with- 
out symptoms or serious illness up to 
the present time. Of the ten no 
longer working, four have left the 
employ of the Company and cannot be 
traced, and six have died. The per- 
centage of deaths in the group was 
therefore 7.5. 

The causes of death were as follows: 


Cause Number of 

Deaths 
Carcinoma of stomach.................-. 1 
Acute lobar pneumonia.................. 2 
Acute bronchopneumonia................ 1 
Appendicitis and peritonitis............. l 
Tuberculosis of lungs.............eeeeees l 


Vol. 11 


\ 
a¥f 


A comparison is here shown, in 
Table 1, of 69 X-ray pictures taken in 
1924 and the same chests pictured in 
1928. It will be seen that, of these 69 
chests, 12 showed no silicosis in 1928, 
11 showed early signs, 43 had the 
picture of first stage silicosis, while but 
3 showed second stage  silicotic 
changes, probably a true silicosis. In 
those cases showing the picture of 
second stage silicosis, 2 had worked 
many years in a department where 
there was much clay dust, containing 9 


‘per cent. of free silica, and 1 had been 


exposed only to abrasive dust 
inhalation. 

Therefore, of the entire group of 
workers who have been longest ex- 
posed to the hazard of artificial abra- 
sive dust inhalation over periods 
varying from fifteen to forty-two years, 
only one showed signs of second stage 
silicosis. This man had been ex- 
posed for a period of twenty-six years. 

During these examinations the X- 
ray revealed four cases of unsuspected 
healed tuberculosis. Careful physical 
examination failed to elicit any signs 
of activity and the workers are without 
symptoms. 

In 1927 X-ray pictures were taken 
of another group consisting of all men 
working in dusty departments who 
had been exposed to the hazard of 
dust inhalation for over ten years and 
who were not included in the group 
analyzed above. Forty-five men ap- 
peared on this list, and Table 2 gives 
the basic facts and the stage of silicosis 
found. 

It will be noted that, of a total of 
forty-five workers, twenty showed no 
silicosis on X-ray, twenty-two showed 
a first stage picture, while three showed 
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TABLE 1.—COMPARISON OF STAGES 
OF SILICOSIS SHOWN BY SIXTY- 
NINE X-RAY PICTURES OF 
CHESTS TAKEN IN 1924 


AND 1928 











NAME 


A. A. 
J. A. 
A. H. A. 
C. A. 


J. W. A. 
O. A. 


J. B. 
O. B. 


YS oe 
tna A 
«4 


» Se. 


NSP = AAA RARLA?S 
, oe asa 4A 
m—4 {As 
«| + 4 
— 


—_ 

<< 4 
— oo 
« . 


W. L. 


E. M. 
K. M. 


W.N., 


J. N. 
m. ©. 


s. 
is. F. 


1 Hiealed tuberculosis. 








5 
m |e 
O oO 
Alo |Z 
<a! Blo 
lbs.| yrs 
72| 186) 42 
50} 194) 18 
38} 159} 24 
41] 142) 25 
44) 144) 18 
63) 175! 20 
55| 146) 37 
44| 133] 26 
54| 237) 18 
96 198) 30 
39) 168) 16 
45| 176] 18 
43] 159) 19 
'58| 250) 17 
56] 148) 21 
51) 142) 16 
43) 168) 25 
51) 203) 19 
40) 163) 21 
58; 202) 18 
45, 163) 18 
57: 190 17 
35! 151) 16 
36 174. 18 
| | 
167) 153) 25 
40; 187) 20 
153! 159, 18 
37, 170) 21 
| | 
49 110, 24 
167; 145, 24 
| 
38) 193) 16 
145| 177) 22 








STAGE OF SILICOSIS 





EXPOSURE 


1924 








Minimal 
Minimal 
First 
Karly 
First 
None 





None 
None 
None | 
Early 
First 
None | 
None 
None 
First 
First 
Normal 
Minimal 
First 





Minimal! | 


| First 
| Second 
None 


None 
None 


| First 


Karly 


| None 


| First 

| Early 
First | 
None | 
| None 


None 


1928 


First 
First 
First 
Virst 


Early 
First 
First 
First 
First 
First 


First 
lirst 
lirst 
First 
First 
First 
Minimal 
First 
lirst 
lirst 
First 
Karly 
Virst 
None 
Karly 
First 
Karly 
First 
First 
Yirst. 


| First 


| First 


None! 


| Late 


| First 


None 


> | None 


First 
None 
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1924 1928 
First First 
First First 
Minimal | First! A. 
None None : G. 
None Early M 
First 
None First H 
First Early W 
Second? A 
None Early iF 
First U 
None First V 
None None } 
Karly First J 
First ( 
First First ( 
First First f 
None First | 
Second First 
First Early 
First 
None None! 
Early First 
First 
First First 
First First 
First First 
Second | Second? 
None Minima! 
None None 
None Early 
| First 
None First 
None None 
First Second 
None None 
None | None 
None | None 
Virst First! 
None | None 
None | First 
lirst | First 
Minimal | Minimal 
First 


| First 
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TABLE 2.—STAGES OF SILICOSIS 
— SHOWN BY FORTY-FIVE X-RAY 
Cos; PICTURES OF CHESTS, 1927 
eisaee o - 
1999 2 S 5 
- . : E © ra 
a, 62 o © om 
7 < Se a mn 
rst —_—— 
rat lbs. yrs. 
“st! A. A 37 140 11 None 
ne | GB. 43 149 12 First 
rly M. B. 53 186 13 Late 
st First 
st H. B. 32 144 13 None! 
ly w.C 42 131 13 Second 
ond? A. C. 33 170 12 None 
ly J.S8. C 45 171 12 None 
st 0. C 40 126 12 None 
t V.D 32 150 12 None 
i F. D. 42 141 11 First! 
t LD. 56 166 11 First 
C.. 45 170 13 First 
t C. E. 61 228 12 First 
t A. E. 45 147 11 First 
E. H. 42 203 13 Second 
: T. H. 57 160 12 First 
y i. 36 187 11 None 
A. J. 42 155 13 None 
Cc. & 37 128 20 None 
GC. a: 42 163 12 Virst! 
F. J. 33 148 11 None 
L @ 46 146 12 First 
hd 52 135 10 None 
bie = 51 173 12 None 
cd? J. K. 32 130 10 First 
nal W.M.M.!| 38 145 11 First 
A. MeL. 43 129 11 None 
T. M. 44 165 11 None 
L. M. 60 152 10 None 
R. M. 49 140 11 First 
A.M. 36 185 12 First 
U. M, 56 139 12 | First! 
Mi. M. 33 135 12 First 
C.W.N, 42 199 10 Second 
V.N 34 146 14 | None! 
G. N, 57 178 13 First 
P. P. 36 188 12 | First 
C. P. 41 167 16 First 
A. P. 41 190 13 First 
G, P. 54 185 12 | None 














DUST HAZARD IN THE ABRASIVE INDUSTRY 












































Gus 


95 
TABLE 2.—Continued 
Se 2 
b a” 
Zz < a =) Nn 
lbs. yrs. 
E. Q. 42 190 12 None 
F. R. 58 159 12 First 
J. T. 45 158 11 None 
C.V 32 183 11 None! 
M. Z 49 124 14 | First! 
TABLE 3.—STAGES OF _ SILICOSIS 
SHOWN BY TWENTY-THREE 
X-RAY PICTURES OF 
CHESTS, 1928 
LENGTH| STAGE 
NAME AGE | WEIGHT) OF EX- OF 
POSURE |SILICOSIS 
lbs. yrs. 
M. A. 45 189 11 First 
V. Bz 34 185 11 First 
M. B. 31 138 12 None 
¥; BD. 34 138 10 None 
D. F. 33 135 11 Virst 
A.G 38 148 12 First 
A. J. 44 121 11 None 
A. J. 38 156 19 First 
J. E. 44 190 10 None 
Ts Ba 31 169 12 Early 
First 
N. L. 64 144 13 Kirst 
M. L. 64 146 12 None 
>. # 51 159 15 First 
C. O. 35 150 14 None 
QO. O. 32 158 18 First 
Fr. Fs 39 165 13 None 
J. BR. 53 176 11 None 
¥. 32 134 10 | None 
ep 4 44 140 | 11 | First 
C.S. | 48 199 | 11 | None 
K. S. 49 187 | 10 | First 
s. ¥. 62 165 | 10 | First 
J. W. 151 | 12 | 
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second stage, a larger proportion than 
in the older group. Again, we were 
surprised to find seven cases of un- 
suspected healed pulmonary tuber- 
culosis. 

In 1928 a third group, consisting of 
twenty-three men who had just com- 
pleted ten years’ work in dusty de- 
partments, was X-rayed. The re- 
sults are shown in Table 3. It will 
be noted that there were ten who 
showed normal lung pictures, thirteen 
who showed first stage changes, and 
none who showed second stage cases. 
No cases of tuberculosis were found. 

Reviewing the three groups as a 
whole, the total number of cases of 
exposure to large doses of dust, mostly 
artificial abrasive, over periods varying 
from ten to forty-two years, was 137. 
Of these, forty-two showed no silicosis, 
twelve showed slight silicotic change, 
seventy-seven the picture of first stage, 


and six the picture of second Stage 
silicosis. Of the six, two had been ex. 
posed to large doses of clay dust con. 
taining 9 per cent. of free silica, four 
had been exposed to abrasive dust 
only. There were eleven cases jp 
which the X-ray showed an old inap- 
tive tuberculous process in the lung, 


| 
CONCLUSIONS 


The continued inhalation of artificial 
abrasive dust composed of aluminium 
oxide or silicon carbide will not. pro- 
duce disabling silicosis in the working 
period studied. 

The X-ray pictures fail to reveal 
any cases of third stage silicosis. 

It is possible for men with arrested 
tuberculous processes of the lung to 
work in artificial abrasive dust for a 
considerable period without relighting 
the process. 


J.1.8. 
March, 1929 
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ABSENTEEISM IN COAL MINERS* 


H. M. Vernon, M.D., anp T. BEpForp, PuH.D. 
Investigators for the Industrial Fatigue Research Board, London 


ASSISTED BY 
C. G. Warner, B.Sc. 


INTRODUCTION 


BSENTEEISM in coal miners 
A is usually so considerable as to 
be of great economic impor- 

tance. Evidence given before the 
Royal Commission (1) indicated that 
in 1924 the whole body of miners in 
Great Britain were absent, on an 
average, for 8.5 per cent. of the 268 
days when work was available for 
them. The actual loss of working 
time is much greater than is indicated 
by this percentage, as the coal hewers 
and “‘trammers,’ who work at the 
coal face, show much more absentee- 
ism than the other underground men, 
who are chiefly concerned in the 
haulage of the coal and are dependent 
for their work on the hewers. We 
have recently made an analysis of the 
absenteeism shown by nearly 23,000 
miners employed at a group of ten 
collieries (2), and we found that the 
time lost by the coal face men averaged 
1.8 per cent., that lost by the other 
underground men being 9.7 per cent., 
and that by the surface men, only 7.7 
per cent. Probably absenteeism in 
the coal mines of the United States 
's similar to that observed in Great 
Britain, for a survey made by Hay- 
* Received for publication Oct. 29, 1928. 
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hurst (3) on about 22,000 men em- 
ployed in ninety-nine mines in Ohio 
and Illinois during the summer of 
1918 gave an average absenteeism of 
10 per cent. ) 

Only by tracking down the various 
causes which contribute to this ab- 
senteeism can we hope to be able 
to apply appropriate measures for its 
reduction. We therefore analyzed the 
absenteeism statistically, according 
as it was due to accidents, sickness, or 
other causes, and endeavored to dis- 
cover how far the varying conditions 
of work influenced absenteeism from 
each of these three main causes. 
We were able to obtain statistics of 
the total time lost for the years 1920 
to 1926, and of the time lost by 
accidents for the years 1924 and 1925. 
Sickness data were available for a 
twenty-one-month period (Aug., 1924, 
to April, 1926), and were obtainable 
only at seven of the collieries in- 
vestigated. We were specially inter- 
ested in the influence of underground 
atmospheric conditions on absentee- 
ism, so we made numerous observa- 
tions on these conditions at all of the 
pits. Altogether we made 280 sets of 
observations on air temperatures and 
velocities at the coal face, and 191 in 
the haulage roads. 


* 
- - 
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ABSENTEEISM Due To ALL CAUSES 
COMBINED 

ry oe ° . ° ° 

The pits investigated varied in 


average depth from 616 to 2,269 feet 
at the coal face, and on splitting them 
into three groups, according to their 
depth, we found that there was a fairly 
close correspondence between depth 
and absenteeism. It can be gathered 
from the data adduced (Table 1) 
that coal face men working at an 
average depth of 2,160 feet showed 
23 per cent. more absenteeism than 
those working at a depth of 651 feet, 
while the other underground men 
showed a 46 per cent. excess. This 
rise in absenteeism was very largely 
due to the increasing temperature, for 
it is well known that underground 
temperature increases fairly regularly 
with depth. We ourselves observed 
the following mean relationships be- 
tween depth and temperature at the 
mines investigated by us: 
Dry Bulb 


Depth of Workings Temper - 


ature 

it. we 
SP eee eee 63.6 
S Serer ere ee ee 76.3 
i ote eae an bed cies aes a 89.0 


Temperature is not nearly so im- 
portant a consideration in American 
mines as it is in those of Great Britain, 
as for the most part the former are 
considerably shallower and cooler. The 
temperature of the mines in Ohio and 
Illinois mentioned above varied from 
50° to 70° (dry bulb); but the humidity 
was high, while in the mines surveyed 
by us it was moderate. 

On splitting up the absenteeism into 
the three categories already men- 
tioned, we found that about half of it 
was due to voluntary causes, while of 





the remainder sickness accounted fo, 






































4.9 
nearly twice as much lost time as dj The 
i he 
accidents (Table 2). 
TABLE 1.—ABSENTEEISM IN REL. 
TION TO DEPTH OF WORKINGS 
TIME LOST py 
aE 
; MEAN| & | 7 
RANGE OF DEPTH | pom | 2 | = 
os i=: 
m& | £3 
3 | 2€ 
i>) | +» iy 
0 |Cc 
ft. ft. | Ml) &% 
Under 1,000.......... 651 | 138.8 | 8 
1,000-1,999............} 1,592 | 15.4) 91 - 
2,000 and over........} 2,160 | 17.0 | 11.8 “ 
= perenne WV 
TABLE 2.—ANALYSIS OF ABSEN. i 
TEEISM BY CAUSE as 
TIME LOST BY mM 
a be ni 
ZG |e 
a |Z e] 
CAUSE OF ABSENTEEISM rb) ee. 
2 |=% ) 
re m = 
— | oe t| 
3 |S 
2 | xe F 
A 
Cyr | and 
/O ( 
cet aaepaeee sees ke | 4.3 | 3.3 
Accidents......... reer ret 2.7} 1.5 
Voluntary causes.............| 8.8 | 4.8 





ABSENTEEISM DUE TO SICKNESS 
The time lost from sickness was 
found to vary considerably with the 
temperature. Taking averages for all 
the collieries, according to their mean 
temperature, we found the relation- 
ships between temperature and sick- 
ness indicated in Figure 1. It will 
be seen that coal face men, when 
working at an average temperature of 
68° (dry bulb), lost 3 per cent. of 
their time, while at 81° they lost 


J...H 
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for 4.9 per cent., or 63 per cent. in excess. increase in the velocity from 24 to 
did The other underground men responded 53 feet per minute caused a distinct 
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v// : Fic. 1.—Relation of sickness to temperature. 

8] 

9. even more, for their sickness at 76.5° TABLE 3.—ABSENTEEISM DUE TO 

mm . - S ‘ eN 78S N r rh ON TC 

a was 74 per cent. greater than at 66.7°. SICKNESS IN RELATI NTU 
“ ; ; AIR VELOCITY 
When the sickness was calculated in ee 

: . | 

EN relation to the wet bulb temperature it TIME LOST BY 
showed a similar rate of increase. i ~ ; 
Surprise may be felt at this very : Ss ls 

BY ANGE OF. ‘ELOCITY| 3 : 5 

r BY marked effect of underground tem- "4NGP OF ATR Y . = 2 |bs 

ered . : , _—" " | 
peratures on sickness, for many dwell- — mH | eS 

: : , < 3 oie 
ers in warm climates habitually ex- 63 © | Sw 

- : ms Y Y 

: perience higher temperatures than —|—-— 

=. . . . . t. per y 4 

: those investigated by us, without ill ft. per min. AS a | Yo | % 

eo effeets rac , 29 t] | 

‘a ects. Presumably the causation Of wnder30............. 04 | 37 
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; temperatures at which the miners  60-119................] 82] 5.5] 2.7 

5 perform their work, but on the sudden 120-159..........-.....) 187 |... | 3.1 
: : 194 7 cs 3. 
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.] ' , Bee OF MROTO...... 6 e080 264 on | 2.0 
the surface. Sometimes the surface — ae een 
air temperature is 50° lower than that 
underground, and an overheated and _ rise in the sickness of the coal face 

as ‘reely perspiring man, on emergence men. Probably this was due to the 

he into such cold air, would be very liable tendency of the men to catch chills, 

] p 4 _s a 

ul 0 catch a chill. as many of them are stripped to the 

in Sickness was found to increase with waist while at work, and stream with 

n- increase in air velocity, ascan be judged perspiration. From time to time they 

a ae wee ; 

x rom the data adduced (Table 3). may have to wait for twenty minutes 

i ‘lis is readily understandable with or more owing to lack of trucks into 

" iegard to the underground men other which to load the coal, and unless 

¥ ‘han the coal face workers, for they they take the precaution of tempo- 

‘ d to work in air with a fairly con- rarily putting on clothes, even very 

st 
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‘iderable velocity, but we see that an 





moderate air currents may chill them. 
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As might be expected, sickness 
increased with the age of the men. 
Coal face men aged 31.5 years lost 
3.5 per cent. of their time, those aged 
34.1 losing 4.3 per cent. of it, and those 
aged 39.7, 5.1 per cent. of it. The 
other underground workers showed an 
even greater rise with increasing age. 


ABSENTEEISM Dur To ACCIDENTS 


In Great Britain all accidents are 
reported which involve an. absence of 
over three days from work, as com- 
pensation is then paid. Accidents to 
coal miners cause a greater mortality 
than that observed in any other in- 
dustry; in 1913 to 1922, fatal acci- 
dents were at the rate of 1.2 per 1,000 
men employed. This rate is con- 
siderably lower than that observed in 
American mines, where it was 4.3 per 
thousand in bituminous coal mines, 
and 4.4 in anthracite mines (4). 
These figures are calculated on the 
hypothesis that the men were working 
for 300 days a year. Usually they 
work considerably less than this, and 
in 1922 to 1923 the actual death rate 
per 1,000 men below ground was 2.94 
in American mines, and 1.14 in British 
mines (1). The greater frequency of 
accidents in America is probably due 
in large part to the greater thickness 
of the seams. We found that in six 
collieries where the same seam was 
worked, the accident rate from falls 
of coal was four times greater where the 
seam was 72 inches thick than where 
it was 44 inches thick. Table 4 
records the frequency in terms of 
accidents per 100,000 shifts, and the 
severity in terms of days lost per 
1,000 hours worked. 

Of the coal mined in Great Britain 





in 1924, 49 per cent. came from seam; 
less than 4 feet in thickness, and only 
10 per cent. from seams of over 6 feet. 
We understand that in America very 





TABLE 4.—ACCIDENT RATES FRO, 
FALLS OF COAL IN RELATION 
TO THICKNESS OF SEAM 
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Mand J....... 1,514 | 72 | 37.0 | 1.30 








1 Accidents per 100,000 shifts. 
? Days lost per 1,000 hours worked. 


TABLE 5.—ACCIDENT RATES IN 
RELATION TO AIR VELOCITY 
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le coal is mined in seams less than 


In order to discover if different 


classes of accident were affected differ- 
ently by the conditions of work, we 
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Fic. 2.—Accident disability of coal face workers in relation to temperature. 


The accident rate was found to 
‘nerease with increase in air velocity, 
just as the sickness rate did, except 
that at very low velocities (under 30 
leet per minute) the severity rate for 
coal face men was distinctly greater 
than at higher velocities of 30 to 
99 feet (Table 5). Probably the men, 
when waiting for the arrival of trucks, 
eic., tend to get rather stiff if they are 
exposed to more than very moderate 
ur currents, and in consequence are 
ore clumsy in their movements and 
more liable to incur accidents on re- 
Suming work. 


split them up into accidents due to 
falls of ground (coal, roof, etc.), and 
those due to other causes. We also 
tabulated them according as they 
caused disablement for less than 10 
days, for 10 to 19 days, 20 to 59 days, 
and for 60 days or more. We found 
that high temperature acted very 
differently on minor and on major 
accidents, and it will be seen from 
Figure 2 that for each 100 minor 
accidents (under 10 days’ disablement) 
from falls of ground suffered by coal 
face men when working at a mean dry 
bulb temperature of 64.4°, there were 


a 
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264 accidents incurred at a tempera- 
ture of 77.3°, and 506 at one of 82.1°. 
The more severe accidents increased 
at a less rapid rate with rise in tem- 
perature, while severe accidents, caus- 
ing disablement for 60 days or more, 
fell somewhat with rise in temperature. 
This particular result is probably 
rather misleading, and is due to the 
comparatively small number of ac- 
cidents involved, for on grouping the 
accidents incurred at high dry and 
wet. bulb temperatures by all the 
underground workers we found that 
they were of almost exactly the same 
frequency as those incurred at low 
temperatures. The minor accidents 
(under 10 days’ disablement) were, 
however, 4.3 times more numerous at 
high temperatures than at low ones. 
The explanation of this remarkable 
difference of effect appears to depend, 
not on any difference in the number of 
accidents ineurred, but on the fre- 
queney with which the men claimed 
compensation pay. If a man receives 
such a severe injury that he is dis- 
abled for over 10 weeks, there can 
be no question that he must stop work 
and claim compensation, whether he 
happens to be working in a cool and 
comparatively pleasant pit, or in a 
hot and unpleasant one. When, on 
the other hand, he receives a minor 
injury which disables him for 3 days 
or less (a period which is_ insuffi- 
cient to entitle him to claim com- 
pensation), he may decide to return to 
work at once if he is in a cool pit. If 
he has been working in a hot. pit, 
however, he may be more fatigued, 
and be more alive to the unpleasant- 
ness of his task, and may therefore 
decide to claim compensation for a 
time. 


The explanation adduced may sgeey, 
rather improbable, but support of 
was obtained in other directions 
The Chief Inspector of Mines (,) 
pointed out that while the number oj 
severe accidents (from fractures, (lis. 
locations, ete.) suffered by the mey 
during the last few years is almos 
constant, the number of minor ap. 
cidents has risen rapidly, and jp 
1923 to 1925 it was half as great again 
as in 1920. Coincidently with this 
increase in minor accidents the yearly 
earnings of the men fell nearly to a 
half. Though part of this fall was 
neutralized by a fall in the cost of 
living, the fall in real wages was 
sufficient to decide many of the men 
to claim compensation pay when they 
incurred minor accidents. Again, we 
found that the frequency of minor 
accidents varied with the degree of 
contentment of the men with their 
work, as indicated by the extent of the 
labor turnover. ‘Turnover is probably 
lower in Great Britain than in America, 
as the mining population is more 
stable, but we found a turnover of! 
more than 30 per cent. per annum at 
one pit, and one of 20 to 30 per cent. 
at several others. We found that at 
the pits where it was over 20 per cent. 
the frequency of minor accidents 
(causing less than twenty days’ dis 
ablement) was three times greater 
than at pits where it was less than 10 
per cent., while the frequency of more 
severe accidents was unrelated 10 
turnover. 

The variations of accident rate with 
age gave a striking proof of the 
fatigue of the coal miner’s work. It's 
well known that the accident rate 
tends to decrease as the experience 2n 


age of the workers increase. For 
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stance, Chaney and Hanna (5) 
found that the rate of accidents 


aiffered by the men employed at a 


iarge steel works fell steadily with 


length of service, till it reached zero 


ABSENTEEISM DvuE To VOLUNTARY 
CAUSES 


As has already been mentioned, 
over half the absenteeism of the men 
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Fic. 3.—Accident rates in relation to the age of the men. 


with men of over fifteen years’ service. 
Kitson and Campbell (6), who ob- 
tained information relating to nearly 
29,000 accidents incurred in the manu- 
facture of motor cars, railway cars, 
cutlery, and coke and gas, found that 
the accident rate varied synchronously 
with the number of new men em- 
ployed. We ourselves found that 
the accident frequency and accident 
severity rates of the men reached a 
inimum at an age of about 30 years, 
and then inereased rapidly, as can be 
seen from Figure 3. At ages of 60 and 
over, the frequency rate of the coal 
face men was 1.4 times greater than 
at ages 30 to 39, while the severity 
rate was 2 times greater; 2.e., the 
older men not only incurred accidents 
more frequently, but they took much 


] 


onger to recuperate from them. 
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was due to voluntary causes. The 
extent of this absenteeism was greatly 
influenced both by conditions of work 
in the pit, and by external conditions. 
For instance, underground workers 
other than those at the coal face lost 
3.6 per cent. of their time voluntarily 
when they had to work at a (wet bulb) 
temperature of 58°, and 7 per cent. 
of it when they had to work at 68°. 
Again, they lost 4.5 per cent. of it 
when working in air currents of less 
than 160 feet per minute, but 8.8 per 
cent. of it when working in currents of 
200 feet or more. 

The men appeared to object very 
much to a long walk from the pit 
bottom to their working place, as it 
reduced the time available for work, 
which was paid at a piece rate. Thus 
we found the following relationships 
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between time lost voluntarily and 
distance walked underground: 


Distance Time Lost 

Walked Voluntarily 
yds. % 
- SePPrerrrerrr. 7.3 
BS £5 Abas eKRKeea wed 8.4 
rere eer 11.5 


Again, we found that discontented 
men—as judged by their relatively 
large labor turnover—lost more time 
voluntarily than contented men hav- 
ing a small turnover (Table 6). 


TABLE 6.—LABOR TURNOVER IN 
RELATION TO VOLUNTARY 
ABSENTEEISM 








TIME LOST VOLUNTARILY BY 





LABOR 


Others 
TURNOVER | Coal Face 
Men Under- Mean 














ground 
% % % % 
9.6 8.0 3.2 5.6 
20.8 8.2 5.9 Tok 
27.1 9.9 5.6 7.8 








The distance of the men’s homes 
from the colliery had a considerable 
effect on voluntary absenteeism, for 
men living 23 miles away lost 9.5 
per cent. of their time, while those 
who lived 143 miles away lost only 5.3 
per cent. of it. 


CONCLUSION 


Our results suggest that, judging 
by the extent of his absenteeism, the 
coal miner is extraordinarily sensitive 
to his conditions of work and to his 


general environment. Any and every 
change of condition affects not Only 
his voluntary absenteeism, but. the 
time lost by sickness and accidents as 
well. The most valuable method of 
reducing absenteeism appears to be to 
improve the conditions of work. Sick. 
ness and accident rates for the most 
part tended to increase rather than to 
diminish with increase in air velocity, 
and this fact might be used as apn 
argument against improving the venti- 
lation; but it is probable that velocities 
of 18 to 21 feet per minute, such as 
were observed at the coal face in some 
of the pits, were a good deal too low 
for minimum rates. Even if better 
ventilation slightly increased the rates, 
it might be worth while to introduce 
it, for it would lower the high tem- 
perature of the air, which is such an 
important cause of absenteeism. 

Coal miners in America (7) are 
probably more dependent on their em- 
ployers for their homes and _ the 
conditions under which they work 
than is any other large group of 
workers; consequently our results 
should for the most part apply to 
these miners as well as to those in 
Great Britain. 

Although close relationships have 
been observed by us between ab- 
senteeism and various environmental 
conditions, it does not necessarily 
follow that the relationship is a direct 
one. The two variables may be 
related indirectly, in some way not 
yet identified. 
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BOOK REVIEW 


LeHRBUCH DER HYGIENE FUR STUDIERENDE, 
ARZTE UND GESUNDHEITSBEHORDEN. 
By Dr. med. et phil. Ernst Gerhard Dresel, 
9. 6. Professor der Hygiene und Direktor 
des Hygiene-Institutes an der Universi- 
tit Greifswald. Paper. Pp. xii, 499 
with illustrations, tables, and index. 
Berlin and Vienna: Urban & Schwarzen- 
berg, 1928. 


The author has divided his text- 
book into four parts. The first treats 
the problems of the hygiene of general 
life: the development of the modern 
population policy, housing, and other 
natural and cultural conditions of 
health (air, climate, soil, water, cloth- 
ing, food, drink, and sewage). The 
second part gives a good review of the 
precautions in the defense of health: 
hygiene of the sexual life and care of 
health at different ages. This part 
also discusses the problems of tuber- 
culosis and the care of the blind, 
crippled, and insane. 

The third part of the book, consist- 
ing of ninety-three pages, is devoted 
(o industrial hygiene. It gives a good 
review of the history of industrial 
hygiene and a_ brief summary of 
industrial statisties of the last few 
years in Germany, including tables 
Presenting morbidity, mortality, and 


accident data. After a short but 
interesting discussion on the influence 
of industrialization on the population, 
the book deals with the question of 
industrial diseases. Special chapters 
are devoted to the problems of in- 
dustrialization of the suburbs, the 
effect of industrialization on families, 
accident neuroses, Taylorism, Ford- 
ism, the dangers to sexual life from 
industrialization, and a review of the 
German industrial health laws and 
workmen’s insurance. 

The fourth part gives a review of 
infectious diseases: their definition, 
ways of transmission, portals of en- 
trance of micro-organisms, excreta of 
patients, bacillus carriers, animals as 
sources of infectious diseases, epi- 
demics, and the present methods of 
combating epidemics. ‘This short epi- 
demiologic discussion is followed by the 
description of the general morphol- 
ogy and biology of micro-organisms, 
and the essentials of immunology. 
There is a description of bacillary 
diseases and of diseases caused by 
protozoa and filterable virus. ‘This 
part of the book ends by describing 
the modes of disinfection, bacterio- 
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logic tests, and rules regarding de- 
livery of test materials at the place 
where they are to be tested. 


An additional section describes the 


methods of testing air, water, light. 
and food.—Stephen Went. 
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